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Photosystem II (PSII) uses light energy to split water into protons,
electrons and oxygen. In this reaction, Nature has solved the difﬁcult
chemical problem of efﬁcient four electron oxidation of water to yield
oxygen without signiﬁcant side reactions. In order to use Nature's
solution for the design of materials that split water for solar fuel pro-
duction, it is important to understand the mechanism of the reaction.
The X-ray crystal structures of cyanobacterial PSII provide information
on the structure of the Mn and Ca ions, the redox-active tyrosine called
tyrosine-Z, chloride and the surrounding amino acids that comprise
the oxygen-evolving complex (OEC). The structure of the OEC and
the water-oxidation chemistry of PSII will be discussed in the light of
biophysical and computational studies, inorganic chemistry and X-ray
crystallographic information. These insights on the natural photosyn-
thetic system are being applied to develop bioinspired materials for
photochemical water oxidation and fuel production.
doi:10.1016/j.bbabio.2014.05.313
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In purple phototrophic bacteria such as Rhodobacter (Rba.)
sphaeroides, reaction centre (RC) photochemistry produces quinols
(QH2) that diffuse to the cytochrome bc1 (cytbc1) complexes where
a proton motive force is generated. In order to discover the relative
membrane locations of reaction centre light-harvesting 1-PufX (RC–
LH1–PufX) and cytbc1 complexes we labelled His-tagged cytbc1 with
NTA-gold nanobeads. Atomic force microscopy (AFM) and electron
microscopy (EM) of labelled intracytoplasmic membrane vesicles
(chromatophores) showed that the majority of the cytbc1 complexes
are dimeric, and are found adjacent to RC–LH1–PufX complexes.
Following partial solubilisation with detergent and afﬁnity chromatog-
raphy RC–LH1–PufX complexes tended to co-purify with His–cytbc1,
but no His–cytbc1–RC–LH1–PufX supercomplexes were isolated. We
used mass spectrometry to quantify the membrane protein complexes
in chromatophores; together with AFM, EM and 3D protein structures
an atomic-level model of a chromatophore vesicle was constructed
comprising 67 LH2 complexes, 11 LH1–RC–PufX dimers & 2 RC–LH1–
PufXmonomers, 4 cytbc1 dimers and 2ATP synthases. Simulation of the
interconnected energy, electron and proton transfer processes showed
a half-maximal ATP turnover rate for a light intensity equivalent to
only 1% of bright sunlight. Thus, the photosystem architecture of the
chromatophore is optimised for growth at low light intensities.
doi:10.1016/j.bbabio.2014.05.314
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Understanding the nature of any complex biological system implies
understanding its evolutionary history, i.e. an explanation of how it could
have emerged from simpler ancestral elements. By combining structural
and phylogenomic analyses, we have traced the evolution of the
cytochrome bc complexes [1]. The results of the phylogenomic analysis
suggest that the bacterial cytochrome b6f-type complexes with short
cytochromes b were the ancestral form that preceded in evolution the
cytochrome bc1-type complexes with long cytochromes b. The ancient
cytochrome b6f-type complex may have emerged from merging of a
membrane NAD(P)H(?)-dehydrogenase with a Rieske-type iron sulfur
protein. This complexmay have resembled the b6f-type complexes found
in some modern Planctomycetes and Heliobacteriaceae. The initial
function of such complex may have been the cycling of electrons around
primordial photosynthetic reaction centers, which could gradually lead to
the emergence of the Q-cycle mechanism [2,3]. Occurrence of the
cytochrome bc complexes in some archaea could be traced to lateral
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